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1

METHOD FOR THE DISCRIMINATING OF
OBSTACLES BY MEANS OF RADAR, AND
APPLICATIONS

BACKGROUND OF THE INVENTION

The present invention relates to a method for the
discriminating of obstacles by means of a radar, and its
different applications to the measurement of a liquid in
a tank or vessel, or again to the elimination of unwanted
or parasitic echos coming notably from the ground, for
radars mounted on vehicles or controlling vehlcle traf-
fic.

The proposed method meets different constraints or
limitations encountered in the above-mentioned fields
of application in which precise measurements have to
be made, either of distance or of Doppler frequencies, in
order to compute speeds. Now, the precision of the
measurements made by radar depends firstly on the
inherent characteristics of the radar used (waveform,
width of the major transmission lobe, frequency band
used, level of the secondary lobes etc.) and secondly on
the different surrounding obstacles which may consti-
tute parasitic echos for the radar and may thus disturb
the measurements.

In the particular application pertaining to the mea-
surement of the level of a liquid contained 1n a tank, for
example a tank of a petrol tanker, it is sought to make as
precise a measurement of the level as possible in order
to reliably determine the total quantity of liquid con-
tained in the tank. The approaches that are habitually
proposed consist in the use of a continuous wave radar,
of the FM/CW (i.e. frequency modulated, continuous
wave) type working in X band, the radar being placed
above the tank and being aimed vertically at the surface
constituted by the liquid. The receiver of the radar then
carries out the spectral analysis of the signals received
after mixing with the transmission signal, according to
the known principle of the correlation radar. The draw-
backs of these approaches are numerous: the beam of
the radar needs to be sized so as to intercept only the
surface of the liquid in the tank when the level is at its
lowest, without illuminating the edges of the tank,
which send back parasitic echos, thus dictating a very
low level of secondary lobes. Furthermore, since the
resolution in distance of a correlation radar is inversely
proportional to the frequency band AF used, this fre-
quency band should be big enough, typically of the
order of 1 GHz if precision of the order of one centime-
ter is desired. This leads to major requirements relating
to the linearity of the transceiver in the frequency band
AF used. Finally, the spectral analysis done may neces-
sitate the use of 1024-point FFT. All these requirements
make the radar costly.

In the other applications relating to radars mounted
on vehicles for the measurement, for example, of their
speed of movement by Doppler effect, or else to radars
designed for the control of vehicle traffic, for example
on the road, the measurements made are inconveniently
disturbed by parasitic echos that come notably from the
ground and are received by the minor lobes. This prob-
lem 1s gcnerally resolved, but madequately sO, by plac—
ing major constraints on the minor lobes.

The present invention is aimed at overcoming the
above drawbacks and limitations by proposing a
method for the discriminating of obstacles that can be
used to reduce the costs of the radar and increase the
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precision of the measurements, irrespectively of the
measurements made (distance, Doppler, etc.).

SUMMARY OF THE INVENTION

More specifically, the invention relates to a method
for discriminating an obstacle among a number M of
obstacles, this obstacle having a substantially plane sur-
face, wherein said method consists in successively trans-
mitting, from a radar, a number N greater than 2 of
substantially plane waves at distinct angular frequencies
®;, the whole number i varying from 1 to N, the N
angular frequencies w; being chosen so as to be slightly
different in a frequency band AF that is narrow enough
for the reflection coefficients obtained on a same obsta-
cle for different angular frequencies to be the same,

whatever may be the angular frequency, and wherein
each wave at a given angular frequency w;is further-
more sent with two distinct polarizations p and p’
chosen in such a way that only the reflection coeffici-
ents obtained for each of the polarizations on the sur-
face of the obstacle to be discriminated, for waves at a
given angular frequency reaching said surface at a nor-
mal angle of incidence, are equal, the polarizations mak-
ing it thus possible to achieve a discrimination of the
obstacle.

Should the obstacles other than the surface constitute

- parasitic obstacles (the case of the measurement of the
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level of a liquid in a tank for example), the direction of
aim of the radar is orthogonal to the surface and the
method according to the invention provides for a step
to compute the distance d4 between the radar and the
surface.
In the other applications referred to here above, it is
the plane obstacle constituted by the surface that is a
source of difficulty and the method according to the
invention then provides for a step for the elimination of
the parasitic echos coming from this surface.
An object of the invention is also an application of the
method of the invention to the measurement of the level
of a liquid in relation to a given reference level on
which the radar is positioned, wherein the radar has:
first means to send the waves successively at the
angular frequencies w;, each wave at a given angu-
lar frequency w; being sent with the two polariza-
tions p and p’;

second means to compute the distance d 4 between the
radar and the level of the liquid constituting the
surface.

A third object of the invention is an application of the
method according to the invention to the elimination of
parasitic echos received by a Doppler speed-counter or
road-traffic radar that is placed on a road vehicle with
its major lobe inclined with respect to the vertical,
wherein the radar has:

means to successively send the waves at the angular

frequencies w;, each wave at a given angular fre-
quency o; being sent with the two polarizations p
and p r

means to eliminate the parasitic echos coming from

the ground.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention as well as its advantages will be under-
stood more clearly from the following description,
made with reference to the appended figures: B

FIG. 1 illustrates the method according to the inven-.
tion applied to the measurement of the level of a liquid

in a tank;
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FIG. 2 shows an exemplary embodiment of a radar
for the implementation of the above method;

FIG. 3 shows a possible shape of the voltage sent out
by the generator of FIG. 2 as a function of time; |

FIG. 4 shows an application of the method of dis- 3
crimination to the elimination of parasitic echos re-
ceived by a Doppler speed-counter radar; and

FIG. 5 shows another exemplary embodiment of a
radar for the implementation of the method of FIG. 1.

MORE DETAILED DESCRIPTION

For a clearer understanding of the invention, we shall
take an example within the non-restrictive framework

of FIG. 1 which corresponds to the application of the
method according to the invention to the measurement
of the level of a liquid in a tank.

This FIG. 1 shows a tank 1 containing a liquid 2. The
surface of the liquid 2 constitutes a substantially plane
surface obstacle that shall be referenced A. On one-of its
vertical walls 1z or 1), the tank also has a second obsta-
cle B located above the obstacle A. In a known way, the
measurement of the level of liquid is done by means of
a radar 3 placed above the tank 1 at the point R. The
radar 3 has a transmission pattern 4 having a major lobe 75
4a, the aiming direction of which is perpendicular to the
surface of the obstacle A, and minor lobes 4b. The ob-
- stacle B, as shown, constitutes a parasitic obstacle that
gives rise to major problems for the measurement of the
distance d4 between the radar 3 and the obstacle A,
since it intercepts the major lobe 4a. The parts of the
walls 1a and 1) that intercept the minor lobes 4b also
constitute troublesome parasitic obstacles. In the com-
putation that shall be performed hereinafter, it shall be
considered, to simplify matters, that it is sought to dis-
criminate only the obstacles A and B. This computation
shows that it is possible to discriminate these two obsta-
cles A and B according to the method of the invention,
by the successive transmission, from the radar 3, of at
least three substantially plane waves at three slightly 40
different angular frequencies w;chosen from a relatively
narrow frequency band AF, each wave at a given angu-
lar frequency o; being sent with two different polariza-
tions p and p’, the characteristics of which shall be
given hereinafter.

The signals sent by the radar 3 according to the in-
vention have the form: |
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. . for an angular frequency w;
Xiplt) = x Q0 | o
| according to the polarization p
_ . for an angular frequency oy
Xip'(t) = x/OF : I
according to the polarization p’ 55

with the whole number i varying from 1 to 3 and the
angular frequencies ; preferably such that for any i
varying from 1 to 3 |

60

Wit 1 —wi=Aw

The step of computation of the distance d 4 according
to the invention consists in carrying out, first of all, a
demodulation of the signals r;, (t) and rjp, (t) received by 65
the radar in response respectively to the transmitted
signals X;y(t) and x;(t) so as to obtain signals Y;, and
Y iy with the form:

Yip = Apx@f®TA + Bipx /o B »

Yip = Ajpx@/FA 4 Biyxoe/oiTB
where:

A jp (respectively Bjp) is the coefficient of reflection of
a wave at an angular frequency w;and polarization p on
the obstacle A (and B respectively);

Ay (respectively Bjy) is the coefficient of reflection
of a wave at an angular frequency w;and polarization p
on the obstacle A (and B respectively);

T4 and 7p are the to-and-fro propagation times of a
wave that gets reflected on the respective obstacles A
and B.

The system of equations (1) can .be simplified by
means of the following observations:

the coefficient of reflection of a wave at a given angu-

lar frequency may be the same as that of a wave at
the same incidence and at another angular fre-
quency, however little the extent to which the two
angular frequencies are sufficiently close to each
other; |

it is possible to choose polarizations p and p’ such

that, for waves arriving at a normal angle of inci-
dence, 1.e. perpendicularly to the plane surface A,
the coefficient of reflection on this surface is the
same for both these polarizations. Since the other
obstacles are not illuminated according to the same
incidence as the surface, the coefficient of reflec-
tion on these obstacles will, for its part, be different
for these two polarizations. To meet these condi-
tions, the. polarizations are chosen so as to be pref-
erably orthogonal. |

‘The foregoing two observations are expressed by the
following equations:

S ie[1,3], Ap=Ayy=A
Bip=Bp

Bjp=Bp

‘This enables the system of equations (1) to be simpli-
fied as follows: |

Y)p = Ax,e/®174 4 Bpxoef“’l"'B
Yip = Ax LIO1TA o Bp.xoefmer
YZj? = Ax,e/02T4 4 Bpxaejmz-rﬁ'
Yop = Ax LI02TA Byx £/027B
Y3p = Ax /0374 4 Bpx /0378
Y350 = Ax @374 4. Bp'xgef"’?’fﬂ

There are different possible combinations of these six
equations, enabling the computation of 74. It 1s possible,
for example to form the ratio

then the ratio
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Having the value 74, it is possible to deduce there- S
from the distance d4 sought by the relationship:

T4C

dq = 3

10

It may be observed that, by this method, it is possible
to compute not only the distance d4 which is sought
here but also the distance between the radar 3 and the
parasmc obstacle B.
It is easy to extend the above computation to that of 19
discrimination between a surface A and (M—1) other
obstacles. The method according to the invention in-
deed provides, in this case, for the transmission succes-
sively of a number N of substantially plane waves at
different angular frequencies w;, each wave at a given
angular frequency o; being further sent according to
two different polarizations p and p’ that are chosen to
meet the conditions given here above, namely:
identical coefficients of reflection for two waves at
the same angular frequency w;, arriving at the sur-
face at a normal angle of incidence, one being sent
with the polanzatlon p and the other with the po-
larization p’;

different coefficients of reflection for the other obsta-

cles.
The signals received by the radar, after phase detec-

tion or standard demodulation, are then of the following
type:
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Yip = AOTA 31 Bypd“’ﬂ'}
jm
M-1
j —_—
40
with:
A, coefficient of reﬂectlon of the waves on the sur-
face;
(2 tO-and-fm propagatlon time of waves getting re- 45

flected on an obstacle j different from the surface,
j being a whole number varying from 1 to M—1;

Bjjp and By, the coefficients of reflection on the ob-
stacle j of the waves having an angular frequency
w; and respective polarizations p and p’;

equations that can again be written in the form: 50

Yip = Ax SOITA 4 B:p'dh'lv’

erum{

55

where Bjy and B;, are real coefficients that are inde-
pendent of each other,
and a;p' and ajprepresent phases that are also indepen-
dent of each other. |
There is no longer any analytical solution once more
than two obstacles are considered. It is then necessary
to use iterative methods of digital computatlon Or an
“estimation of 74 done as follows: |
By computing the sum to infinity of the coefficients
of interconnection between two signals Yy and Y(i41)p'
at two successive angular frequencies w; and ;41 and
with different polarizations, and in taking account of the

65
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property of independence between the coefficients By
and Bj, on the one hand and the phases a;; and a; on
the other hand, it is possible to demonstrate the follow-
ing equality:

Im
N —

sz Yirnp iy |= AN + 1)e/Bor4
2 K+ (N +

whence it 1s possible to deduce an estimator of the
propagation time 74 for N fixed, according to the
relationship:
Im (
=1

N
2 YirpYhip

T4 = Ala.l MCM[

N
[_ Re ( 2. Yo 1)p1"::o')

and an estimation d4 of the corresponding distance:

C A

U = Fpg T4

FIG. 2 shows an exemplary embodiment of a radar
that can be used to implement the foregoing application
and that can be used, more generally, to measure the
level of a liquid in relation to a given reference level, on
which the radar is positioned.

FIG. 5 shows the same elements as FIG. 2 for trans-
mitting successively the waves at the angular frequen-
cies w;. Each wave at a given angular frequency is sent
with the two polarizations p and p’. At the reception 11,
a receiver with demodulation means 40 realizes in a
classical way, the demodulation of the signals transmit-
ted by the receiving antenna 8, in order to deliver the
demodulated signals Y and Y. The means for elimi-
nation of parasitic echoes 41 calculates the difference
between Y and Y;;', in order to deliver to the module
of treatment 42 a signal which is free of parasitic echoes.
The function of the module of treatment 42 depends on
the application. For the Doppler speed-counter either
placed on the road vehicle with its major lobe inclined
to the verticle or fixed above the vehicle, the treatment
module 42 extracts the speed of the vehicles.

As has been stated further above, the radar is posi-
tioned vertically to the surface of liquid, so that its
aiming direction is orthogonal to this surface.

Referring to FIG. 2, the radar has, according to the
invention, first means for the successive transmission of
the waves at the angular frequencies w; and with two
polarizations p and p’, and second means to compute the
distance d4 between the radar and the level of the lig-
nid.

In the non-restrictive embodiment shown in FIG. 2,
these first transmission means comprise firstly a voltage
generator 5 giving a voltage-controlled-oscillator
(VCO)j 6, N successive values of voltages V;necessary
to obtain the waves at the N angular frequencies w;.

The characteristic of a voltage generator such as this

' may, for example, have the shape of a stairway with

preferably constant steps 7 as can be seen in FIG. 3 50 as
to obtain, on a total duration Trorof transmission of the
radar, increasing angular frequencies o;spaced out at a
constant pitch Aw on a given frequency band AF.
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Each wave at an angular frequency o; coming from -

the VCO 6 is then sent with a polarization p and then

with a polarization p’ by means of two antennas 8, each
~ transmitting according to one of the two polarizations,
and a change-over switch 9 controlled by a synchroni-
zation device 10 and getting switched over to either of
the antennas 8. The synchronization device 10 is ad-
justed so that there is sufficient time, for a same angular
frequency w; to switch over to the two antennas.

The same antennas 8, in their respective polarizations,
receive the reflected waves which they successively
transmit through a circulator 11 to a reception line 12
which comprises, in a standard way, an amplifier 13 that
is preferably a low-noise amplifier, and two channels
122 and 12b for the parallel processing of the waves
received. The two processing channels carry out a de-
modulation, one of which is a phase demodulation while
the other is a phase quadrature modulation, through the
mixing, by means of the mixers 144, 145, of the received
waves having the angular frequencies w; with the waves
having the same angular frequencies that come directly
from from the VCO 6 or that are phase-shifted by /2
by a phase-shifter 15. The signals coming from the mix-
ers 14a, 14 will then undergo a similar digital process-
ing in both channels. They will first of all be supplied to
sample-and-code devices 16a, 16b delivering samples at
a sampling period T chosen to have a sample represent-
ing each angular frequency ;. Each sample relating to
an angular frequency o;is then memorized in registers
17a, 17b for a determined period so as to make it possi-
ble to multiply this sample, by means of multipliers 184,
185, with a sample having an angular frequency w;.1
and a different polarization. The results of these multi-
plications are then given to integrators 19a, 195 carry-
ing out integration operations on the total duration
Tror of transmission of the radar, and delivering re-
spective estimates of Arcsin AwT4and Arccos Awr4. A
module 20 computes the ratio of these two estimates.
All that remains to be done is to multiply this ratio by
the known value C/72A, by means of a multiplication
module 21 to obtain an estimation of the distance d 4.

It 1s clear that the above result can be obtained differ-
ently. It is possible, for example, to envisage simulta-
neous transmission with both polarizations and the par-
allel processing of the signals received with the differ-
ent polarizations.

FIG. 4 illustrates an application of the method ac-
cording to the invention to the elimination of parasitic
echos coming from a Doppler speed-counter radar.

This figure shows a road vehicle 30 fitted out with a
speed-counter radar 31 placed, for example, beneath the
chassis of the vehicle 30 in such a way that it major lobe
31a and, consequently, its direction of aim, are inclined
with respect to the vertical. The measurement of speed
carried out in a known way by this radar 30 is marred
by an error coming from the parasitic echo received by
the minor lobes 315 at the vertical to the vehicle 30,
namely the parasitic echo coming from the ground 32.
With the ground having a substantially plane surface

locally and, provided that this surface is slightly rough,
- the echo coming from the vertical is independent of the

polarization used so long as the electrical field of the:

wave remains parallel to the surface of the road. To
eliminate this parasitic echo, therefore, the radar has to
be fitted out with means for the successive transmission
of the waves with a plurality of angular frequencies w;,
each wave at a given angular frequency ; being sent
with two polarizations p and p’ in accordance with the
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method according to the invention, and means for the
elimination of the parasitic echos coming from the
ground which, for example, take the difference of the
two demodulated signals.

Another application of the method according to the
invention relates to the elimination of the parasitic
echos for a vehicle traffic control radar placed on the
road above the traffic, for example under the vault of a
tunnel. Here again, the echos that come from the
ground or the roofs of the vehicles and that are picked
up by the minor lobes are inconvenient for the measure-
ments. The method according to the invention makes it
possible to eliminate them as in the above application.

The main promising feature of the invention lies in
the fact that it is possible to make measurements of far
greater precision without being bound by harsh con-
straints on the shape of the transmission pattern, notably
at the level of the minor lobes. Furthermore it is possi-

“ble, in the case of a small number of obstacles, to obtain

very high precision in distance by using a narrow trans-
mission band. The method of discrimination is also inde-
pendent of the shape of the waves used, which may be
continuous or sent in the form of pulses. However,
when 1t is sought to measure a distance, it is necessary to
take necessary precautions so as not to have ambiguities
in terms of distance.

In the case of the transmission of continuous waves,
the distance will be unambiguous if the difference in
phases (¢;+1—ad;) of two waves sent successively at
the angular frequencies w; and w;. 1 is lower than 2.

In the case of waves sent in the form of pulses, the
condition to be met is that the duration of a radar recur-
rence should be greater in terms of maximum to-and-fro
time corresponding to the furthest obstacle for which it
is sought to measure the distance.

What is claimed is:

1. A method for discriminating an obstacle among a
number M of obstacles, this obstacle having a substan-
tially plane surface, wherein said method comprises
successively transmitting, from.a radar, a number N
greater than 2 of substantially plane waves at distinct
angular frequencies w; the whole number i distinct
angular frequencies ; the whole number 1 varying
from 1 to N, the N angular frequencies w;being chosen
so as to be slightly different in a frequency band AF that
1s narrow enough for the reflection coefficients ob-
tained on a same obstacle for different angular frequen-
cies to be the same, whatever may be to angular fre-
quency, each wave at a given angular frequency o;
being furthermore sent with tow distinct polarization p
and p’ chosen in such a way that only the reflection
coefficients obtained for each of the polarizations on the
surface of the obstacle to be discriminated, for waves at
a given angular frequency reaching said surface at a
normal angle of incidence, are equal, the polarizations
making it thus possible to achieve a discrimination of
the obstacle, demodulating response signals rj(t) and
rip(t) received by the radar and corresponding to the
waves sent at the different angular frequencies w; with
the respective polarizations p and p’ so as to obtain
signals Y;pand Y;,' independent of time; and combining
the signals Y;, and Y’ in order to achieve the discrimi-

nation.

2. A method of discrimination according to claim 1,
wherein said two polarizations p and p’ are orthogonal.
3. A method of discrimination according to claim 1
wherein, the radar having a transmission pattern with a
major lobe and minor lobes, the waves that reach the
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surface at a normal angle of incidence are those whose
direction of propagation coincides with the direction of
aim of the major lobe, and wherein the signals Y;, and
Y, are combined in order to compute the distance d4
between the radar and the surface. 5
4. A method of discrimination according to claim 3,
wherein the step of computation of the distance dg4
comprises,
computing the time 7; of to-and-fro propagation of
waves getting reflected on the surface by the re- 10
solving of the following system of 2N equations,
obtained by the demodulation:

o M—1_
Yjp = ded + 3 Bjpeor
}2

. M—-1 .
J:

with:

A, coefficient of reflection of the waves on the sur-
face; 7;, to-and-fro propagation time of the waves
getting reflected on an obstacle j different from the
surface, J, a whole number varying from 1 to M —1;

Bjjp and B;;y, the coefficients of reflection on the ob-
stacle j of the waves having and angular frequency
w; and respective polarizations p and p’; and

deducing the distance d 4 therefrom.

5. A method of discrimination according to claim 3,
wherein the angular frequencies w; are separated by a
constant pitch Aw and wherein the step of computation
of the distance d4 comprises,

computing the time 7; of to-and-fro propagation of
the waves getting reflected on the surface by form-
ing the equation:

25
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35
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and

deducing an estimate d 4 of the distance therefrom.

6. A method of discrimination according to claim 1,
wherein, the radar having a transmission pattern with a
major lobe and minor lobes, the waves that reach the
surface at a normal angle of incidence have a direction
of propagation different from the direction of the major 50
lobe, thus creating parasitic echoes, and wherein the
signals Yj, and Y are combined in order to eliminate
said parasitic echoes. |

7. A method of discrimination according to claim 6,
wherein the step of elimination of the parasitic echoes:
comprises,

forming the difference between the demodulated

Slgnals Y;p and Y;'p’.

8. An application of the method according to claim 3

to the measurement of the level of a liquid in relation to 60

N
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a given reference level on which the radar is positioned,

- wherein the radar comprises,

first means to send the waves successively at the
angular frequencies w;, each wave at a given angu-
lar frequency w; being sent with the two polariza-
tions p and p’; and

second means to compute the distance d 4 between the

radar and the level of the liquid constituting the
surface.

9. An application according to claim 8, wherein said
first means comprises,

a voltage generator giving a voltage-controlied oscil-
lator N successive values of voltage V;so that the
oscillator delivers waves at the N angular frequen-
cies w; for a total period of transmission T7,7; and

two antennas with respective polarizations p and p’
alternately transmitting the waves coming from the
oscillator by means of a change-over switch con-
trolled by a synchronization device.

10. An application according to claim 9, wherein said
second means comprises a reception line comprising
two channels for the parallel processing of the waves
received by the radar, one of these channels carrying
out a phase demodulation and the other channel carry-
ing out a phase quadrature demodulation, each channel
furthermore comprising, in series, a sample-and-code
device for delivering samples to a register, a multiplier
receiving the samples that come, first of all, from the
sample-and-code device and, secondly, from the regis-
ter, an integrator o integrate the outputs of the multi-
plier on the total duration of transmission, the outputs
for the integrators being then given to a module that
takes their ratio, then to a multiplication module carry-
ing out the multiplication of the ratio by C/2a, and
delivering an estimate of the distance dg4.

11. An application of the method according to claim
6 to the elimination of parasitic echoes received by a
Doppler speed-counter radar, said radar being placed
on a road vehicle with its major lobe inclined with
respect to the vertical, wherein the radar comprises,

means to successively send the waves at the angular
frequencies w;, each wave at a given angular fre-
quency w; being sent with said two polarizations p
and p’; and

means to eliminate the parasitic echoes coming from
the ground.

12. An application of the method according to claim

6 to the elimination of parasitic echoes received by a
Doppler speed-counter radar, wherein said radar is
fixed above the vehicles, its major lobe being inclined
with respect to the vertical, wherein said radar com-
prises, |

means to successively send the waves at the angular
frequencies w;, each wave at a given angular fre-
quency ; being sent with said two polarizations p
and p’; and

means to eliminate the parasitic echoes coming from
the ground.
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